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1.Abstract
EcoledesMinesdeParishasgatheredsincemanyyearsalotofEarthObservationdataofdifferentkindsandiswillingto
providethosedatatoabroadaudience.
IncollaborationwithEuropeanpartners,EcoledesMinesdeParishasassembledadataset,whichisuniqueintheworld.It
dealswithoneparameterofthesolarradiation:theLinketurbidityfactor,whichcharacterizestheopacityoftheatmosphere.
Recently,theadventoftheWorldWideWeb(WWW)[ ],haslaidthefoundationofasimple,friendlyanduniformwayof1
sharingdataoninternet.Nevertheless,thecomplexityandthesizeofsomedatasetandtheheterogeneityoffilesformatswere
notsuitedtobeputon-lineonthewebwithoutpreparation.
Theneedofbeingabletomakesophisticatedqueriestoextractrelevantinformationhasthereforeleadustobuildadatabase
(SQL)/Webserver.
The HELIOSERVEserverhasbeenopenedinlateNovember1997.Severalcustomershavealreadypraiseditsusefulness.
ThispaperexplainsthedesignofthewebservercallHELIOSERVE.Itdescribesthescientificcontextandexplainsthe
differentstepstotransformadatasetintoadatabasethatcanbequeriedviatheWWW.
Theauthorshavealsoexaminedamoregeneralproblem:theconstructionofawebserverbysmalluniversity-likeentities
whichwanttopromotetheirdatabaseinEarthObservationrelateddomains.Someconclusionswerereachedandare
presented.Guidelinesonhowtohelpthesesmallsizeprovidersarediscussed.
Backtothecontents
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2.Scientificcontext
Solarradiationisoflargeimportanceinmanyfields,rangingfromclimatetoagricultureorbuildingarchitecture.Several
programsareongoingwhichaimatmappingsolarradiationparametersforseveralpartsoftheworld,includingEurope.
Theseprogramsrequiretremendousamountsofwork.Theyusuallyinvolvethecollectionofmeasurementsmadeatground
levelandtheirprocessing,includingqualitycontrol.ImagesofthesatelliteMeteosatareusedincombinationwiththeground
measurementstodothemapping.
TheLinketurbidityfactor(T )[ 2]isaveryconvenientapproximationtomodeltheatmosphericabsorptionandscatteringofL
thesolarradiationunderclearskies.T describestheopticalthicknessoftheatmosphereduetoboththeabsorptionbytheL
watervaporandtheabsorptionandscatteringbytheaerosolparticlesrelativetoadryandcleanatmosphere.Itsummarizes
theturbidityoftheatmosphere,andhencetheattenuationofthedirectbeamsolarradiationandtheimportanceofthediffuse
fraction.ThelargerT ,thelargertheattenuationoftheradiationbytheclearskyatmosphere.ThesmallestvalueofT is1.0,L L
obtainedforafullydryandcleanatmosphere.T generallyliesbetween2.0(dryandcleanatmosphere)and6.0(humidandL
pollutedatmosphere).
TheLinketurbidityfactorisanimportantparameterinsolarradiationstudies.EcoledesMinesdeParishasassessedmonthly
valuesofT foratotalof595sitesoverEuropeandcountriessurroundingtheMediterraneansea.ThisconstitutesbyfartheL
largestdatabaseofT intheworld.L
Figure1:MapsofthesitewhereT valuesareprovidedL
ThecustomersoftheHELIOSERVEsitearepresentlyresearchersdeeplyinvolvedinstudiesofsolarradiationparameters.
TheypreciselyknowwhatisT ,andthedatabaseoutputsactasinputsintotheirownmodelsforatmosphericoptics.AlargerL
classofcustomersistargeted.Itismadeupofprofessionals,inresearchorindustry,whowantanassessmentofthemaxima
ofthesolarradiationavailableatgroundlevel,fore.g.,thesizingofasolarsystemfordomesticwaterheating.Such
customersdonotcareofvaluesofT ,thoughitisanimportantparameterfortheassessmentofthesolarradiationforclearL
skies.Forthem,numericalsimulationhasbeendeveloped.Thefinaloutputsarethenvaluesofavailablesolarenergy.
Backtothecontents
3.HELIOSERVEdesign
TheHELIOSERVEserverwasbuiltupbytakingintoaccounttwoaspects:
1. Adatabasequeryaspect.ItistheabilityoftheservertosupplythecustomerwiththeT values,whichareextractedL
fromthedatabase.
2. Anumericalsimulationaspect.Itprovidetothecustomerestimatesoftheclearskyradiationbyrunningamodel.Some
oftheinputsaretheT values,whicharesuppliedeitherbythedatabase,orbythecustomerhimself,orsettodefaultL
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values.
HELIOSERVEreliesonasetofsoftwaresthatarecalledbyanhttpserverinresponsetoauserrequests.TheT valuesareL
storedintoarelationaldatabase.ThesysteminterfaceallowsausertosendaquerytothewebserverthroughHTML
(HyperTextMarkupLanguage)[ 3]documentsbasedonaform[ 4].ThisHTLMpagecallsatemplatethatincludesSQL
statementsaswellasconditionalinstructionandHTMLtagfortheoutput.
Figure2:OverviewoftheHELIOSERVEserver
ThechoiceofUNIXastheO.S.(OperatingSystem)forthedevelopmentofHELIOSERVEwasobviousfortworeasons.
FirstlymanypeopleinourinstitutionarefluentwiththisO.S.Secondlyconsideringthatthisprojectwasself-fundedwehave
triedasmuchaspossibletousefreesoftwareandtheUNIXcommunityoffersthebroadestchoice.
TheHELIOSERVEserverusesanAPACHE[ 5]webserver.TheAPACHEserverispowerfulandflexible.Itishighly
configurableandallowsextensiontothirdpartymodules.Itisthemostusedserverwithmorethan45%oftheoverallweb
serveroninternet[ 6].Itispartofahugeconsortiumdeeplycommittedintoitsdevelopmentandmaintenance.Moreoveritis
free.
Asadatabasemanager,miniSQL(mSQL)[ 7]waschosen.Thisrelationaldatabasepackageisfreeforeducationalbodies,
suchasEcoledesMinesdeParis.
ThemSQLdatabaseonlyallowsasubsetofANSIISQLquerylanguagebutwedidnotyetfaceanylimitationforourproject.
AsmentionedbytheirauthorsthephilosophyofmSQLhasbeentoprovideadatabasemanagementsystemcapableofrapidly
handlingsimpletask.mSQLalsoincludesvarioustoolslikeaCAPIallowinganyCprogramtocommunicatewiththe
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database,awwwinterface,calledW3-mSQL,andascriptinglanguagecalled"Lite".
ThemissinglinkofthesystemisthescriptinglanguagethatwillhandletheHTML-basedformqueryoftheusertothemSQL
database.
Despitetheabovementioned"Lite"scriptinglanguageincludedwithmSQL,wehavepreferredanothertoolforourscript
development.ThistoolisPHP/FI[ 8].
WefindPHP/FItohavemorefeaturesfordatabasequeries,tobemoredocumented,andtoofferalargersetofexampleof
successfulweb/databaseserverapplication.
PPH/FIisaserver-sidehtml-embeddedscriptinglanguage.Thatmeansthatasimplescriptcanbewrittendirectlyintohtml
files.Moreoveritisnotbrowser-dependant.Itincludesupportforvariousdatabaseslike(mSQL,Postgres,MySQL,Sybase,
Oracle...).
OneoftheimportantfeaturesofPHP/FIisthatitcanbebundledasanApachemodule,allowingafastandpowerful
alternativetoCGIprogramming.ThisiswhathasbeendoneforHELIOSERVE.
Summarizingsomeoftheadvantagesare:
Performance:PHP/FIdoesnotactasastandardCGIprogramsincethescriptcodeisexecuteddirectlybytheApacheweb
serverprocess.
Configurability:Theparserisconfiguredonstart-upinthesameconfigurationfileasthehttpdserverprocess.
Security:WhenrunningPHP/FIasamodulethehttpdbasedaccessrestrictionisdefinedinthehttpdserverconfiguration
file.
Customfunction:Aframeworkforwritingyourownmoduleisoffered.
Backtothecontents
4.Databasedesign
ThedatabasequeryaspectistheabilityoftheHELIOSERVEservertosupplythecustomerwiththeT values.ThesevaluesL
areextractedfromthedatabase.
ThedatabaseisconstitutedbyalistofgeographicalsiteswithassessmentoftheLinketurbidityfactor.Thesestationsare
spreadthroughoutEurope.Foreachstation,monthlyvaluesoftheLinketurbidityfactorareavailable,thatistwelvevalues
perstation.ThedatabasecomesfromtwoMicrosoftExcelformatfiles:
Afiletakingstockcharacteristicsaboutthestationsubdividedintoninefields(Figure3):
1. specificnumberorWMO(WorldMeteorologicalOrganization)numberforthisstation
2. stationname(stationname)
3. latitudeinhundredthsofdecimaldegree(lat)
4. longitudeinhundredthsofdecimaldegree(lon)
5. elevationinmeter(elevation)
6. referencedcountrycode(countcode)
7. country(countryname)
8. lineinthereferencemapinrasterformat(line)
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9. rowinthereferencemapinrasterformat(row).
WMO Stationame Latitude Longitude Elevation Ref.Country Country Line
01316 Bergen 6040 532 41 NORWA NORWAY 176
02045 KirunaGeofysika 6783 2043 408 SWEDE SWEDEN 87
02185 Lulea 6555 2213 17 SWEDE SWEDEN 114
Figure3:Stockcharacteristicsofthestations.
AfilewhichcontainsthespecificnumberofeverystationandtwelveLinketurbidityfactorsperstation(Figure4).
WMO JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
01316 2.78 3.43 3.23 3.42 3.33 2.7 3.28 3.23 2.68 2.97 3.05 2.85
02045 3.53 4.09 4.31 3.42 3.33 2.87 2.91 3.06 2.83 3.87 4.07 3.33
02185 2.78 3.96 3.7 3.42 3.88 3.55 4 3.57 3.43 3.61 3.16 2.56
Figure4:UniqueWMOnumberforeachstationandtwelveT perstation.L
4.1mSQLdatabaselanguage
mSQLhasasetofprogramsthatallowtobuild,customize,administrateandqueryadatabase.Ithasalsoanimportand
exportfunctionforvariousfileformat.
Hereisthesyntaxusedtocreatethe caract2tableintheLinkedatabase.
createtablecaract2(wmoint,stationnamechar(40),latint,lonint,elevation
int,countcodechar(5),countnamechar(40),lineint,rowint)
The commandofmSQLallowstodisplaythestructureoftheLinkedatabase.relshow
Database=linke
Table=caract2
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Field Type Length NotNull Unique
Index
wmo int 4 N N/A
stationname char 40 N N/A
lat int 4 N N/A
lon int 4 N N/A
elevation int 4 N N/A
countcode char 5 N N/A
countryname char 40 N N/A
line int 4 N N/A
row int 4 N N/A
Afterbuildingthestructureandinsteadofenteringmanuallythedataintothetableweusedthe functionofmSQL.import
WefirstchangedtheMicrosoftExcelfileformatintoanASCIIfilewhereallthefieldwerecommaseparated.
Whenthedatabaseisbuiltupqueriescanbeissued.mSQLallowstoexecutecommandlinequery.Thisisagoodwaytoget
familiarwiththeSQLsyntaxbeforetryingtodomorecomplexscripting.Hereisthesyntaxandsomequeriesasanexample.
SELECT[table1.field],[table2.field],...
FROM[table1],[table2],...
WHERE[table1.field]OPERATORVALUE
AND/OR[table2.field]OPERATORVALUE
ORDERBY[table(1/2).field]
Theoperatorsusedare<,>,=,<=,>=,<>,CLIKE.Mostofthetime,VALUEisaliteralvalue.
Thefirstqueriesfortestingaresimple.Itisofinteresttoquerysimultaneouslythecaract2andcoefftables.Theexample
belowshowa"select"querywithsomeparameters,andtheresultingtable.
selectcoeff.mar,caract2.countrynamefromcaract2,coeff
wherecaract2.lat>=5823andcaract2.lon<1200andcaract2.wmo=coeff.wmo\g
+--------------+------------------------------------------+
|mar|countname|
+--------------+------------------------------------------+
|3.08|UNITEDKINGDOM|
|3.08|UNITEDKINGDOM|
|2.93|UNITEDKINGDOM|
|2.46|UNITEDKINGDOM|
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|3.23|NORWAY|
|2.31|ICELAND|
|2.31|ICELAND|
|2.31|ICELAND|
|2.16|ICELAND|
+--------------+------------------------------------------+
OncefamiliarwiththeSQLqueriesintomSQL,itispossibletobuilddynamicHTMLpagesandtoincludeSQLqueryandall
kindofconditionalstatements.ThiscanbedonebyusingthescriptingtoolPHP/FI.
4.2PHP/FIscriptlanguage
MostofthemaincharacteristicsofPHP/FIhavebeengivenabove.Thissectiondiscusseshowitcanbepracticallyusedto
buildscriptsembeddedintoHTMLpages.
TheexamplebelowshowsthecodeembeddedintorealsimpleHTMLtags.Thispagewhenlaunchedviaabrowser,displays
theWMOandthestationnameforthemeasurementstationwithanelevationbetween145m.and150m.
<html>
<body>
<center>
<?
$y=100;$o=145;$p=150;
$result=msql("linke","select*fromcaract2wherecaract2.elevation>$o
and
caract2.elevation<$porderbycaract2.wmo");
$num=msql_numrows($result);
/*Errortest*/
if($num==0);
echo"Sorrybutnorecordfound!<p>";
else;
echo"$numrecordsfound!<p>";
endif;
/*Endoferrortest*/
$i=0;
while($i<$num);
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echo"<b>";
echo"stationname=";
echomsql_result($result,$i,"stationname");
echo"<br>";
echo"wmo=";
echomsql_result($result,$i,"wmo");
echo"</b>";
$i++;
endwhile;
>
</center>
</body>
</html>
ThenextstepwillbetobuildsomeHTMLpagethatwillincludeforminordertolettheuserbuilditsownquery.Forthe
HELIOSERVEprojectandregardingthedatabasecomplexitywebuildsixdifferentHTMLpagesincludingforms.Thisis
whereitisgettingreallyinterestingwiththescriptingprocessasuserscanissueendlessqueriestoyourdatabasewhenyou
onlyneedtowriteasmallsetoftemplates.ThatmeansthatthereisnostaticHTMLpagesstoredintothewebserver.Allthe
pagesaredynamicallybuiltuponuserrequest.
Thetemplatesbuildingprocessisagoodwaytoproceedbecauseafilewillbegeneratedthatwillcontainsboththescript
codeandtheformattedHTMLtobeoutput.Thisisalsoveryusefulbecauseallthecodedevelopedinthistemplateishidden,
andcannotbeseenbytheuser.
ThetrickythingaboutPHP/FIasbundledasanAPACHEmoduleisthatallthefiletobebuiltMUSThavea' .phtml'
extension.AssoonastheAPACHEserverseea' .phtml'extension,itdirectlyprocessit.ItismuchfasterthantheclassicCGI
scheme.
Tosummarize,thePHP/FIscriptingprocess,requires:
1. Tocreateaformbased' .phtml'pagetosupplythequeries
2. Tocreatea' .phtml'templatethatwillincludethescriptcodeandtheHTMLtagstooutput.
ForHELIOSERVEwehavebuildsixdifferentform-based' .phtml'pages.Wehavealsosplittheresultintotwopagesbecause
itwasmostconvenientforreading.TheintermediatepageisdynamicallybuiltbyPHP/FIanddoesnotcontaintheresultitself
butahyperlinktoit.
BelowarethreefiguresillustratingthestepsofqueryingtheHELIOSERVEserver.
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Fig.5:Querypage Fig.6:Intermediateresult Fig.7:Finalresult
4.3Thenumericalsimulation
Thenumericalsimulationaspectprovidestothecustomer,estimatesoftheclearskyradiationbyrunningamodel.
ThishasbeenmadeusingPHP/FIandathirdpartysimulationsoftware.ThesimulationsoftwarewaswritteninClanguage
andhasbeentailoredtosuitthewebapplication.Modificationshaveonlybeenmadeontheoutputsectionofthesource
program.ThesimulationcanbeexecutedattwodifferentplacesintoHELIOSERVEinvolvingdifferentschemes.
1. Itfetchessomeparametersfromtheresultofaquerymadebytheuser,andasksfortwomoreparameters(thedayand
theyear)forcomputation(figure8)
2. Ortheusercanmanuallyfeedtheemptyfieldswithhisownparameters(figure9)
Theresultisdisplayedintotheuser'sbrowserasshowninfigure10.
Fig.8:Databasesimulation Fig.9:Simulationpage Fig.10:Simulationresult
Backtothecontents
5.Exploitationresults
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HELIOSERVEhasbeenopenedinlateNovember1997.Around2000requestsofforeigncomputersfrommorethan20
differentcountrieshavebeenrecordedintotheserverlogsfileattheendofJanuary1998.Thismayappearverysmallbutthe
usercommunityinvolvedintheuseofsolarradiationandspeciallyLinketurbidityfactorisnotwidespreadand
HELIOSERVEhasnotbeenextensivelypublished.Itisstillinatestphaseforitsscientificcontentsaswellasfortheuser
interface.Manyusershavealreadypraiseditsexistencebecauseitiscurrentlytheeasiestandcheapestwaytoobtainthe
Linketurbidityfactoraswellassimulationsoftheavailablesolarenergyunderclearsky.
Thewholesystemhasalsoproveditsreliability.Itissimpletoadministrateandnewfeaturescanbeaddedlikenewtemplates
withoutanyrepercussionontheoverallsystem.
Backtothecontents
6.Conclusion
Theavailabilityoffreesoftwarehasenabledtheauthorstobuildupawebservergivingaccesstoascientificdatabaseunique
intheworld.ThisserverHELIOSERVEalsoprovidesresultsofnumericalsimulations.Itislikelytoevolveandtooffermore
informationonsolarradiationandalsorelatedsoftware.Thedatabaseisverysimpleandmostoftheeffortshavebeenputon
themanagementofthequeriesthroughthewebaswellasontheuserinterface.Thoughourteammaybeconsideredas
trainedinalltheaspectsrelatedtotheHELIOSERVEserver,theamountofeffortswasmoreimportantthanexpected.The
virtueofanexampleisveryimportantanditislikelythatfurtherimprovementsofHELIOSERVEorthedevelopmentofnew
serverswillrequirelesseffortsbyourteam.HoweveritpointsouttoapresentlyweakaspectinthepromotionoftheEarth
Observationthroughinternet.ItisobviousthattheusefulnessofinternetinEarthObservationdependsuponthequalityofthe
informationmadeavailabletothecommunity.Besidesseverallargeproviders(e.g.,NASA,SPOT-Images,...)whichhave
alreadymakeefforts,largeamountsofveryvaluableinformationarewithinsmalluniversity-likeentities.Theseentitiesare
willingtopromotetheirdatabasesoralgorithmsbutbecauseoftheirsmallsize,cannotpresentlyaffordevensimple
developmentsofwebserversuchasHELIOSERVE.Inthiscontext,theEarthObservationcommunitymustpraisethe
initiativesoftheCenterforEarthObservation(CEO)oftheEuropeanCommunity,whichoffersseveraltools(toolkits,
frames,standards)tohelpthesesmallproviderstobuildwebservers.Theseinitiativesarequiterecentandhavenotbeen
widelypublicised.Belongingtoaneducationalbody,theauthorsstresstheimportanceoftrainingandurge,e.g.theCEO,to
setupcoursestoteachthesmallprovidershowtobuildaservertopromotetheirdata.ThiswouldincreasetheuseofEarth
Observation-relatedinformationandwouldbenefitboththescientificandnon-scientificcommunities.
Backtothecontents
7.Acknowledgments
Thedatabasehasbeenconstructedinco-operationwithMM.GerhardCZEPLAK(DeutscherWetterDienst,Hamburg,
Germany)andJohnPAGE(Sheffield,UnitedKingdom).
Backtothecontents
8.References
[1]TheWorldWideWebConsortium: http://www.w3.org/
[2]TheLinketurbidityfactor(T ): http://www-helioserve.cma.fr/linke/publication.htmlL
[3]HyperTextMarkupLanguage: http://www.w3.org/MarkUp/
[4]MosaicforXversion2.0Fill-OutFormSupport:
Page10of11
ESRIVirtualCampusLibrary-http://campus.esri.com
http://www.ncsa.uiuc.edu/SDG/Software/Mosaic/Docs/fill-out-forms/overview.html
[5]TheApacheHTTPServerProject: http://www.apache.org/
[6]TheNetcraftWebServerSurvey: http://www.netcraft.com/survey/
[7]MiniSQL(mSQL): http://www.Hughes.com.au/
[8]PHP/FIhomepage: http://php.iquest.net/
Backtothecontents
©1998DepartmentofGeography,SalzburgUniversity
Page11of11
ESRIVirtualCampusLibrary-http://campus.esri.com
